ABSTRACT
INTRODUCTION
Reintroduction programs are conservation actions used in an attempt to reestablish species in areas where they have become extinct (IUCN, 1998; Seddon et al., 2007) . The use of reintroductions has wide applications, but is often poorly documented or monitored for different species (Fischer and Lindenmayer, 2000) . There is a need for scientifically-based, accurate and cost-efficient methods to monitor and evaluate reintroduction programs. It is important that monitoring indicators are measurable, precise, consistent, and sensitive to the target (IUCN/SSC, 2008) . The evaluation of different census methods is a necessary objective, since the establishment of populations in sites outside their normal range may be needed due to climate change. After a reintroduction, it is important to follow the performance of the species in question with monitoring and evaluation of population trends (IUCN, 1998) . A cost-effective way to do this is to engage local people for trapping and monitoring. These locally-based surveys are defined as a broad set of simple monitoring techniques, often linked to local resource management programs and performed by amateurs (Danielsen et al., 2005) . The involvement of local people has several advantages; it makes them committed to and educated in ecological management as well as more involved in conservation issues and projects. Rist et al. (2009) showed that locally-based monitoring was slightly less accurate than scientific methods, but much more cost-efficient and sustainable long-term. Rather than analyzing and reporting data as actual numbers, a catch per unit effort (CPUE) is commonly used. CPUE standardizes the data based on the effort, i.e. the number of individuals caught per number of traps and total time of the trapping event. CPUE assumes constant catchability and that all animals have the same probability of being captured (Schwarz and Seber, 1999) . Given these assumptions, CPUE can be used as an abundance index (Schaefer, 1954; Harley et al., 2001; Hinton and Maunder, 2003; Laloë, 2007) . It is also assumed that CPUE is proportional to the abundance at the time of collection and that the proportion of the trappable cohort of the population is constant over time. This is often not true in free-living populations. CPUE is affected by many variables, including fishing techniques (Goodyear et al., 2003; Maunder et al., 2006) , behavior of the fishermen (Laloë, 2007) , and factors affecting the organism, such as water temperature, substrate size and presence of predators (Abrahamsson, 1983; Somers and Stechey, 1986; Dorn et al., 2005) . It is also possible that for populations at different localities, CPUE may not be synchronized, even if they are under the same harvest policy (Maunder et al., 2006) . Because sampling efforts may differ from area to area, month to month, or year to year, the number of crayfish captured must be analyzed in such a way as to standardize the effort that was exerted. A stable CPUE may reflect exploitation at Maximum Sustainable Yield (MSY) as well as the possible change of a fishing method to compensate for fishing due to decreasing abundance (Jones, 2004) . CPUE has been used as a proxy for population estimations of crayfish Westman et al., 2002; Olsson et al., 2010; Zimmerman and Palo, 2010) and for the evaluation of stocking success in Finnish waters (Erkamo et al., 2010) . Capture-recapture methods have been used for crayfish monitoring (Skurdal et al., 1992; Westman and Savolainen, 2001; Maguire et al., 2004; Nowicki et al., 2008) and a probabilistic time-to-event model has been used to determine and evaluate the success of crayfish introductions (Sahlin et al., 2010) . The latter methods are more complex, expensive and timedemanding than CPUE estimation, and also require more advanced data handling. In this study, we investigate the reliability of CPUE estimated from a standardized trapping method conducted by local fishermen compared with population estimations made with the capture-recapture method. We ask if a simplified capture protocol with CPUE is satisfactory to evaluate the success or failure of a reintroduction program.
MATERIALS AND METHODS

> STUDY AREA
The noble crayfish (Astacus astacus) populations in the Swedish river Ljungan (latitude 62
• N) became extinct in 1999. The river was formerly known as one of the most valuable and productive noble crayfish sites in Sweden (Odelström and Johansson, 1999) . A reintroduction program was launched by the local, regional and national authorities in cooperation with local fishermen in 2002. To date, more than 80 000 crayfish have been reintroduced at 35 sites 07p2 along the river. The crayfish were taken from a lake in the nearby region. Recruitment to the cohort that could be trapped comes from two sources -the restocking of crayfish in late September each year, and after moulting during the summer when a new size class enters into the cohort that is trappable. The goal of the reintroduction program is not only to create a viable population of crayfish in its former waters, but also to increase the population size to a level where it is possible to locally harvest crayfish. Commercial or household fishing is banned until the crayfish stock is large enough to sustain harvest. To evaluate the success of the reintroduction program, the local fishermen have been trapping crayfish in a standardized way since 2004 at 35 sites. Five of the sites (Viken, Ovansjö, Näset, Västanå and Ljunga) were chosen for comparisons of CPUE and capture-recapture studies. The sites are approximately 50 km apart from west to east. Viken is the most upstream site and Ljunga the most downstream. The trapping performance and the trapping protocol were modified from the Swedish standard method of crayfish monitoring (Bergqvist et al., 2005) . Five baited traps, cylindrical LiNi Traps with two entrances and 14-mm mesh size, were arranged on a separate line and positioned across the river bed. The distance between the traps was 10 m, e.g. within the radius where bait attracts crayfish in the vicinity (Acosta and Perry, 2000; Cukerzis, 1989 and Fedotov, 1993 cited by Kholodkevich et al., 2005) . The fishermen's protocol used three lines, in total 15 traps (CPUE 15 ), which were positioned at the reintroduction site, 100 m downstream and 100 m upstream of the reintroduction site. The traps were baited with roach or perch, except in 2010, when Trappy (Smålandsmjärden AB, Virserum, Sweden) crayfish bait inside a bait box was used. Trapping was performed by the local fishermen in late August and data were collected using a protocol that noted the number of crayfish per trap. After trapping, the crayfish were released into the river at the same spot as for capture. Our trapping was performed approximately two weeks after the fishermen's, and conducted at the same sites. We used 24 lines; in total 120 traps (CPUE 120 ). These were positioned at a stretch of 100 m on both sides of the river bank downstream of the reintroduction site. The sampling procedure was the same as the fishermen's protocol. In total, 700 crayfish at each site were caught and marked individually with Passive Integrated Transponders PIT-tags (Trovan ID 100 A) (Bubb et al., 2002) 
> DATA ANALYSIS
Data were analyzed using the program R, version 2.9.0. Population estimations were made with the package Rcapture (Baillargeon and Rivest, 2007) . Trapping data in terms of CPUE 15 and CPUE 120 were not normally distributed and for this reason, the Mann Whitney U-test was used to compare differences in CPUE 15 and CPUE 120 . To detect a possible effect due to the change of the fishermen's bait, the quotients of standard deviation and mean of the yearly CPUE 15 were calculated and the quotients were analyzed with Student's t-test. The estimation of the population size was done with capture-recapture techniques according to the robust design described by Pollock (1982) . This allowed us to pool the recapture data from August and September each year into a primary period, under the assumption of closed populations, and these were analyzed with log linear closed population models (Seber, 1986; Nichols, 1992) . In the models, M 0 , assumes that all individuals have the same probability of being captured at every trapping occasion, irrespective of which one, M t assumes that all population members have the same risk of being captured at the same trapping occasion, but the probability of catch is different between sampling occasions, and M h assumes that all individuals have their own independent probability of capture compared with the other members, irrespective of which trapping occasion (Otis et al., 1978) . The best model was selected with the Akaike's information criterion (AIC) and the standard errors of the models. Additionally, the model chosen was assumed to be universally applicable to all the sampling occasions. The relationships of the log-transformed CPUE and the abundance estimations were tested with the Pearson correlation test and linear regression.
RESULTS
CPUE 15 was larger than CPUE 120 and this was also true for the variation in trapping data. The median for CPUE 15 was 2.7, ranging from 0.9 to 6.9, whereas the value for CPUE 120 was 1.4, ranging from 0.4 to 3.6. The difference was significant (Mann Whitney U-test, p < 10 −3 ). CPUE 15 and CPUE 120 showed increasing trends during the studied period (Table I ). The quotients of standard deviation and the mean of yearly CPUE 15 did not differ significantly from the expected distribution (Student's t-test, p-value = 0.008), indicating no effect of the changed bait in 2010 for the fishermen. The closed population model, the M t -model, was best fitted to the recapture data. At all localities the abundances increased overall during the studied period and the standard errors of the abundance estimations showed a decreasing trend (Table II) . The log-transformed CPUE 15 and CPUE 120 were both positively correlated with the abundance estimated from the recapture data (Figure 1) . However, the strength in correlation differed and the CPUE 15 (Pearson correlation = 0.48, p = 0.03) was fair, but the CPUE 120 (Pearson correlation = 0.68, p = 0.001) was moderately strong according to the classification by Chan (2003) . The linear regressions with CPUE 15 and CPUE 120 versus abundance based on capture-recapture were significant, but the explanatory power was not high. The correlation coefficient was higher for CPUE 120 (log(CPUE 120 ) = 0.75*log (abundance) − 4.54, R 2 = 0.46) than for CPUE 15 (log (CPUE 15 ) = 0.46*log (abundance) −1.96, R 2 = 0.23).
DISCUSSION
A positive correlation was found between CPUE and population estimations made with capture-recapture methods for noble crayfish. The correlation was stronger with an effort of 120 traps than the 15 traps used by fishermen. This is consistent with data from Westman et al. (2002) , who found a relationship between CPUE and capture-recapture methods for both noble and signal crayfish. However, Hockley et al. (2005) found low statistical power when using local people for monitoring and pointed out that CPUE might be considered suitable for monitoring only if properly standardized. Bubb et al. (2002) showed that the method of marking crayfish with pit-tags gave 100% tag retention after one moult, without affecting survival. About 40% of the marked animals in this study were recaptured at least once. This concurs with previous results that reported recapture ranging from 15 to 50% (Abrahamsson, 1966 Several capture-recapture studies have been conducted in August and September in Scandinavia, when trappability and the activity of both sexes are equal (Abrahamsson, 1966; Westman and Pursianen, 1982; Skurdal et al., 1992) . Closed populations between sampling occasions in August and September were assumed in this study, implying no recruitment, mortality, immigration or emigration during this period (Pollock et al., 1990) . This is obviously not the case in most situations, but it is possible to estimate the abundance without bias if natural mortality acts equally upon marked and unmarked animals (White et al., 1982) . In this study, the time period of one month between August and September was assumed not to significantly alter the demography of the population (Momot, 1967; Brewis and Bowler, 1983; Gydemo, 1989; Nowicki et al., 2008) .
Some sites showed large standard errors of the population estimations, which may be overestimated (Table II) . In cases with large variations in the data, the temporal model gives uncertain predictions. However, the standard errors of the estimates in the study seem to gradually decrease. As the accumulated number of marked individuals increases in the water, the abundance estimation is more accurate.
The number of traps is obviously important for reliable estimates of abundance and population trends. Our results show that a possible saturation effect occurs with a larger number of traps. This effect may explain the difference between the CPUE 15 and CPUE 120 trap protocols with lower values of CPUE 120 . In addition, a larger number of traps covers a larger area, leading to the possibility that habitat variation plays a role in the number of catches. Catching with traps is biased towards large crayfish, and excludes smaller individuals (Dorn et al., 2005; Price and Welch, 2009) , especially females (Abrahamsson, 1966; Rabeni et al., 1997) . The size of the actual population is probably underestimated and the recruitment of size classes not trapped is hard to predict (Dorn et al., 2005) . More reliable population estimates can be obtained if the survey is carried out when both sexes are active (Westman and Pursiainen, 1982) . Therefore, the timing and trapping season are important for a qualitative estimation of CPUE. 
CONCLUSION
Despite the limitations caused by trapping equipment, CPUE and the standardized trapping method can be used as an index for population trends. Caution should be taken when interpreting the actual population size due to bias in the size distribution of captured individuals (Kirjavainen and Westman, 1999) . Still, CPUE is valuable for the evaluation of restocking and reintroduction programs. A major result from this study is that more effort, i.e. more traps, gives better accuracy in relation to mark-recapture techniques. The design used by fishermen, with 15 traps, seems to be a less accurate, but reasonable method when the cost of monitoring needs to be low. Our conclusion from this study is that the reintroduction program to the river Ljungan is to date a success. After eight years of reintroduction, all the populations studied seem to have developed and increased. Different localities have different rates of increase and the reason for this variation needs to be further investigated.
